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deficiencies	 identified,	 we	 advise	 to	 add	 to	 the	 e-CF	 a	 more	 explicit	 mentioning	 of	
attitude	 aspects	 and	 of	 the	 contexts	 in	 which	 the	 various	 competences	 are	 to	 be	
employed.			




stands	 still)	 -	 attributed	 to	 the	 Greek	 philosopher	 Heraclitos	 1	 -	 seems	 very	 apt	 to	
describe	 the	 field	of	 Information	Technology	 (IT)	where	new	areas	of	expertise	arise	






been	 developed.	 Some	 widespread	 examples	 are	 the	 Information	 Technology	





frameworks	 (with	a	national	or	 international	 scope)	exist.	 Ferrari	 (2012)	 for	example	
gives	an	overview	of	15	 frameworks	used	 in	Great	Britain	alone.	 In	our	opinion,	 this	
multitude	of	 frameworks	 justifies	 the	need	 for	a	meta-framework	of	 IT	competences	
on	which	other	frameworks	can	be	mapped.	
In	 the	 long	 run	 this	 study	 is	 concerned	 with	 the	 establishment	 of	 such	 a	 meta-
framework,	either	by	using	one	of	 the	existing	 frameworks	or	by	constructing	a	new	
one.	 In	 this	 research	we	have	chosen	 the	e-CF	as	a	 foundation	because	 it	 is	 the	 first	
sector-specific	 implementation	 of	 the	 European	 Qualifications	 Framework	 (EQF).	
Furthermore,	 as	 of	 January	 2016	 the	 e-CF	 is	 approved	 as	 standard	 by	 the	 European	
Committee	 for	 Standardization	 (CEN,	 2016),	 which	 means	 that	 it	 has	 to	 be	
implemented	 by	 all	 EU	member	 states.	 The	 e-CF,	 as	 expressed	 by	 CEN	 (CEN,	 2016)	
“provides	a	common	 language	for	competences,	skills	and	proficiency	 levels	 that	can	




reports	 the	 results	 of	 our	 research	 on	 this	 topic	 where	 the	 research	 question	
underlying	our	work	is:	To	what	extent	does	the	e-CF	cover	the	domain	of	IT?	
The	 paper	 is	 structured	 as	 follows:	 in	 the	 next	 section	 we	 discuss	 the	 theoretical	
background	of	our	research	question	and	discuss	definitions	of	the	main	concepts	like	
competence,	competence	framework	and	 IT-domain	as	well	as	the	quality	aspects	of	






‘Competence’	 is	 an	 abstract	 concept,	 created	 to	 represent	 something	 that	 is	 not	
directly	apparent	in	the	world.	This	is,	according	to	Lundqvist,	Baker	&	Williams	(2011),	
the	 reason	 that	 no	 uniform	 definition	 exists	 of	 the	 term.	 In	 most	 definitions,	 a	
competence	consists	of	“a	combination	of	knowledge,	skills	and	attitude	that	results	in	
successful	 behavior	 in	 a	 specific	 context”	 (Dochy	 &	 Nickmans,	 2005).	 Based	 on	 this	
definition	it	can	be	deducted	that	to	describe	a	competence,	at	least	four	elements	are	









An	 attempt	 at	 handling	 the	 issues	 of	 behavioral	 and	 context	 specific	 aspects	 of	
competences	 can	 be	 found	 in	 an	 earlier	 research	 by	 Ravesteyn,	 Bosman	 &	 Mens	
(2015).	Another	route	is	chosen	in	the	ITCM	framework	where	attitude	and	context	are	




A	 coherent	 set	 of	 competences	 is	 called	 a	 competence	 framework.	 A	 competence	
framework	 offers	 “generic	 and	 theoretical	 solutions	 for	 comparing	 and	 harmonizing	
competencies”	(Lundqvist,	Baker	&	Williams,	2011).	A	competence	framework	usually	
has	 a	 scope,	 e.g.	 to	 make	 the	 distinction	 between	 functions	 in	 an	 organization,	 to	
develop	 courses,	 etcetera.	 In	 some	 frameworks	 this	 scope	 is	 quite	 broad:	 The	
European/International	 Computer	 Driving	 License	 (ECDL/ICDL,	 2007)	 for	 example	 is	
targeted	 at	 raising	 computer	 literacy	 for	 every	 citizen.	 Other	 frameworks	 are	 more	
specific,	 e.g.	 the	 e-CF	 (2014)	 provides	 “a	 tool	 to	 support	mutual	 understanding	 and	
provide	 transparency	 of	 language	 through	 the	 articulation	 of	 competences	 required	
and	deployed	by	ICT	professionals	(including	both	practitioners	and	managers)”.	
A	competence	framework	is	essentially	a	classification	of	competences	(Markowitsch,	
&	 Plaimauer,	 2009)	 along	 one	 or	 more	 axes	 or	 dimensions.	 Competences	 in	 a	
competence	 framework	 are	 at	 least	 ordered	 along	 a	 domain	 axis:	 a	 (structured	 or	
unstructured)	 list	 of	 competences,	where	each	 competence-class	may	be	 subdivided	
further	 (Markowitsch,	 &	 Plaimauer,	 2009).	 Quite	 often	 we	 see	 a	 second	 axis	 with	
proficiency	 levels.	 The	 e-CF	 for	 example	 uses	 five	 proficiency	 levels	 ranging	 from	
associate	 to	 principal	 (e-CF,	 2014).	 Examples	 of	 other	 classification	 dimensions	 are	
knowledge	 and	 skills	 versus	 attitude	 and	 context	 (ITCM,	 2012)	 and	 threshold	 versus	
performance	competences	(Eschenbrenner	&	Nah,	2014).		
Following	 the	 observations	 above	we	 call	 a	 classification	 scheme	 like	 a	 competence	
framework	simple	when	 it	 exists	of	 a	 set	of	 (competence-)classes	only.	 If	 there	exist	
relations	between	the	classes	as	well	(often	expressed	in	other	dimensions)	we	call	the	
scheme	complex.	
For	a	competence	 framework	 to	be	a	meaningful	and	broadly	applicable	standard,	 it	














As	 stated	 in	 the	 Introduction,	 we	 have	 chosen	 to	 use	 the	 e-CF	 as	 the	 competence	
framework	 underlying	 our	 research	 because	 of	 its	 increasing	 importance	 in	 the	
European	Union.	The	e-CF	can	be	considered	as	a	complex	framework	with	two	axes:	
the	competence-classification	axis	and	the	proficiency-level	axis.			
In	 the	description	of	 the	structure	of	e-CF	 (e-CF,	2014)	 four	so-called	dimensions	are	
distinguished	(note	that	the	word	dimension	has	a	slightly	different	meaning	in	the	e-
CF	then	in	our	use	of	the	term	in	the	previous	paragraph):	
“These	 dimensions	 reflect	 different	 levels	 of	 business	 and	 human	 resource	 planning	
requirements	 in	 addition	 to	 job/work	 proficiency	 guidelines	 and	 are	 specified	 as	
follows:		





• Dimension	 3: Proficiency	 levels	 of	 each	 e-Competence	 provide	 European
reference	 level	 specifications	 on	 e-Competence	 levels	 e-1	 to	 e-5,	 which	 are
related	to	the	EQF	levels	3	to	8.








Just	 like	 competences	 and	 competence	 frameworks,	 no	 universally	 accepted	
description	of	the	IT	domain	exists.	Several	organizations	have	published	classifications	





The	 IT-domain	 is	 implicitly	 outlined	 in	 IT	 curricula	 as	 well.	 So	 a	 second	 source	 of	
descriptions	of	 the	 IT	domain	 can	be	 found	 in	 IT	 curricula;	 a	 very	extensive	example	




Professionals	who	 are	 confronted	with	 questions	 around	 classification	 on	 an	 almost	
daily	 base	 are	 librarians.	 Library	 classifications	 have	 been	 used	 and	 adapted	 to	 the	
state-of-the-art	 for	 many	 centuries.	 Examples	 of	 such	 classifications	 are	 the	 Dewey	
Decimal	 Classification	 (DDC,	 2012)	 and	 the	 Universal	 Decimal	 Classification	 (UDC,	
2012).	 Most	 countries	 have	 their	 own	 system(s),	 for	 example	 in	 our	 country	 the	
‘Nederlandse	Basisclassificatie’	2	(NBC,	2004)	is	used	by	most	scientific	libraries.	
Other	 sources	 that	 in	 some	 way	 demarcate	 the	 IT	 domain	 are	 frameworks	 that	
structure	the	world	of	IT	in	relation	to	the	enterprise.	The	best	known	example	here	is	
the	 Zachman	 framework	 for	 enterprise	 architecture	 (Zachman,	 2006).	 In	 this	
framework	 six	 different	 aspect	 systems	 in	 an	 organization	 can	 be	 modeled	 on	 five	
abstraction	 levels,	 ranging	 from	 the	 context	 of	 the	 organization	 to	 a	 detailed	
description	of	its	technology.			





for	 mutual	 comparisons	 to	 map	 frameworks	 onto	 each	 other.	 When	 mapping	 one	
framework	upon	another,	it	is	desirable	to	be	as	complete	as	possible,	meaning	first	of	
all	that	all	classes	of	the	source	framework	are	mapped	on	classes	of	the	destination	




• A	mapping	 of	 the	 classes	 of	 each	 dimension	 of	 the	 framework	 upon	 classes
(possibly	from	more	dimensions)	in	the	other	framework.
• When	 the	 framework	 is	 complex:	 a	 mapping	 of	 the	 relations	 between	 the
classes	in	the	framework	upon	the	relations	in	the	other	framework.
With	 the	 plethora	 of	 IT	 competence	 frameworks,	 many	 efforts	 have	 been	made	 to	
compare	 competence	 frameworks	 and	 relate	 the	 included	 competence-classes.	 As	
discussed	 in	 the	 preceding	 paragraphs,	 there	 is	 ample	 discussion	on	 the	meaning	of	
competences	 and	 competence	 frameworks	 are	 developed	 from	 very	 different	
perspectives.	 So	 the	 mapping	 from	 one	 framework	 upon	 another	 is	 not	 very	
straightforward	and	in	practice	is	usually	done	by	experts	in	the	field	and	validated	by	
other	 experts	 (e-CF,	 2014).	 To	 the	 best	 of	 our	 knowledge	 only	 Lundqvist,	 Baker	 &	
Williams	 (2011)	have	build	a	 limited	prototype	of	a	 system	for	mapping	competence	











defined	 by	 Mertens	 (2014,	 p.48)	 as:	 “Evaluation	 is	 an	 applied	 inquiry	 process	 for	
collecting	and	synthesizing	evidence	that	culminates	in	conclusions	about	the	state	of	
affairs,	 value,	 merit,	 worth,	 significance	 or	 quality	 of	 a	 program,	 product,	 person,	
policy,	proposal	or	plan…”		
The	 research	 process	 started	 with	 an	 initial	 literature	 study	 (summarized	 in	 the	
preceding	section)	in	order	to	define	the	concepts	used	and	to	embed	our	research	in	




To	 get	more	detail,	we	decided	 to	 refine	one	of	 the	mappings.	 This	 refinement	was	
performed	by	two	teams	of	two	IT	students	from	our	university,	the	HU	University	of	
Applied	 Sciences	 with	 the	 teams	 working	 independently	 of	 each	 other.	 For	 the	
refinement,	the	(435)	knowledge	and	skills	elements	that	constitute	the	4th	dimension	



























a	 well-known	 example	 from	 the	 various	 sources	 mentioned	 in	 section	 2.4,	












others.	 Moreover,	 it	 covers	 topics	 from	 other	 domains	 as	 well,	 for	 example
business	administration	and	marketing.
• IT	 fundamentals	 and	 mathematical	 background	 are	 implicitly	 covered	 in	 the
competences	of	the	e-CF.	This	is	something	to	keep	in	mind	when	e-CF	is	used
as	 foundation	 to	assessments	 (e.g.	of	 IT	professionals	or	 students)	where	 the
risk	is	that	these	topics	may	be	inadequately	tested.
• Due	 to	 the	 lack	 of	 domain	 knowledge	 in	 the	 e-CF,	 some	 topics	 have	 a	 very
broad	 range.	An	example	 is	 competence	B1:	Application	Development,	which
covers	 a	wide	 range	 from	 very	 technical	 systems	 to	 games	 to	 administrative
systems,	etcetera.
• Competence	 class	 C	 (RUN)	 consists	 of	 (only)	 four	 competences.	 This	 seems
rather	 restricted	 and	 competences	 around	 security	 for	 example	 are	 not	 very
comprehensively	defined.
From	the	preliminary	research	we	also	learnt	that	some	descriptions	of	the	IT-domain	
were	more	useful	 for	our	purpose	 than	others.	 The	Zachman	 framework	proved	not	
very	 suitable	 as	 it	 lacks	 detail	 and	 the	 various	 categories	 are	 not	 well-defined.	 The	
Nederlandse	Basisclassificatie	 (dating	from	2004)	was	 lacking	 in	detail	as	well	and	on	
several	topics	outdated.	The	IT	2013	curriculum	turned	out	to	be	quite	usable,	but	very	
much	tuned	to	education.	So,	for	our	purpose,	the	best	descriptions	of	the	IT-domain	
were	 given	 by	 ACM’s	 taxonomy	 of	 IT	 terms	 from	 2012	 and	 by	 the	 ICT	 Body	 of	








knowledge	 and	 skills	 that	 relate	 to	 the	 competences,	 are	 provided.	 The	 40	
competences	 of	 dimension	 2	 are	 subdivided	 in	 435	 knowledge/skills-descriptions	 in	
dimension	4.	These	were	compared	with	the	classification	of	ACM’s	taxonomy	(ACM-1,	
2012),	 consisting	 of	 12	 classes	 on	 the	 first	 level	 and	 82	 (sub)classes	 on	 the	 second	



















initially	 only	 4%	 differed.	 The	 different	 scores	 were	 typically	 found	 in	 clusters	 in	 a	
combination	 of	 an	 e-CF	 competence	 and	 an	 ACM	 class.	 These	 clusters	 were	
subsequently	discussed	to	determine	the	cause	of	 the	different	mapping	ratings.	We	
found	 that	 the	differences	 could	be	 explained	by	 slightly	 different	 interpretations	of	
the	various	terms	in	the	taxonomy.		
The	results	of	the	final	comparison	are	summarized	in	figure	2.	In	this	figure	(with	e-CF	
competences	 as	 rows	 and	 the	 first	 level	 terms	 of	 ACM’s	 taxonomy	 in	 the	 columns)	
every	 cell	 reflects	 the	 total	 score	 of	 all	 knowledge/skills	 elements	 from	 the	
corresponding	 competence	 and	 from	 the	 sub-terms	 of	 the	 corresponding	 first	 level	
term	of	the	taxonomy.	Because	the	number	of	knowledge/skills	elements	 in	the	e-CF	
differs	between	competences	as	does	the	number	of	sub-terms	of	each	first	level	term	
































































































































A1.	IS	and	Business	Strategy	Alignment	 1 1 1 1 1 1 1 2 1 1 1
A2.	Service	Level	Management	 1 1 2 1 2 1 3 1 1 1 1
A3.	Business	Plan	Development 1 1 1 1 1
A4.	Product/Service	Planning	 1 1 1 1 1 1 1 1 1
A5.	Architecture	Design	 1 2 1 2 1 1 2 2 1 1 1
A6.	Application	Design	 1 1 2 1 1 2 1 1 1 1 1
A7.	Technology	Trend	Monitoring	 1 1 1 2 1 1 2 1
A8.	Sustainable	Development	 1 1 1 1 1
A9.	Innovating	 2 1 1 1 1 1 2 1
B1.	Application	Development 2 1 1 3 1 1 1 1 1 1 1
B2.	Component	Integration 2 1 1 2 1 1 2 2 1 1 1 1
B3.	Testing 2 1 1 1 1 1 2 1
B4.	Solution	Deployment 1 1 1 2 1 2 1 2 1
B5.	Documentation	Production 1 1 2 1 3
B6.	Systems	Engineering 2 1 1 3 1 1 1 1 1 1
C1.	User	Support 1 1 1 2 1 3 1 2 1
C2.	Change	Support 1 1 1 2 2 1 1 1 1
C3.	Service	Delivery 1 1 1 1 1 2 2 1 2
C4.	Problem	Management 2 1 2 2 1 1 1 1
D1.	Information	Security	Strategy	Development 1 1 1 1 1 2 3 1 2 1
D2.	ICT	Quality	Strategy	Development 1 1 1 1 1 1
D3.	Education	and	Training	Provision 1 1 1 3 1
D4.	Purchasing 1 1 1 1 1 1 1 1 1
D5.	Sales	Proposal	Development 1 1 1 1 2 3 1
D6.	Channel	Management 1 2 2
D7.	Sales	management 1 1 1 1 1 1 1 1
D8.	Contract	Management 1 1 1 1 2 1
D9.	Personnel	Development 1 1 1 1 1 1 1 2 1
D10.	Information	and	Knowledge	Management 2 1 2 1 1 1 3 3 1 1 2 1
D11.	Needs	Identification 1 1 1 1 2 1 1 2
D12.	Digital	Marketing 1 1 3 1 1 2
E1.	Forecast	Development 1 1 2 2 2 1
E2.	Project	and	Portfolio	Management 1 1 1 1 2
E3.	Risk	Management 2 2 1 1
E4.	Relationship	Management 1 1 1 1 1 1 1
E5.	Process	Improvement 1 1 1 2 2 1
E6.	ICT	Quality	Management 1 1 1 1 1 2 1
E7.	Business	Change	Management 1 1 1 1 2 1
E8.	Information	Security	Management 1 1 1 1 3 1 1 1
































The	 results	 of	 this	 detailed	 mapping	 support	 our	 preliminary	 conclusions:	 the	 e-CF	
more	or	less	covers	the	IT	domain,	but	some	themes	from	the	IT	domain	(like	‘Theory	
of	 computing’,	 ‘Mathematics	 of	 computing’	 and	 ‘Computing	methodologies’)	 appear	
only	superficially	 in	the	e-CF.	Remarkable	 is	the	low	score	on	‘Social	and	professional	
topics’	as	competences	in	the	e-CF	are	meant	to	include	attitude	aspects	as	well	(e-CF,	
2014).	 This	 result	 may	 well	 be	 due	 to	 the	 fact	 that	 only	 knowledge	 and	 skills	
descriptions	 are	 present	 in	 dimension	 4	 of	 the	 e-CF	 and	 attitude	 aspects	 are	 kept	
implicit	in	these	descriptions.	
5 Discussion,	limitations	and	further	research	
In	 the	 preceding	 paragraph	we	have	 shown	how	 the	 e-CF	 can	be	mapped	on	 the	 IT	
domain.	As	a	result,	we	can	now	reflect	upon	how	meaningful	and	applicable	e-CF	as	a	
standard	 is.	 For	 this	 we	 use	 the	 general	 classification	 requirements	 completeness,	
unambiguous	and	orthogonality	as	discussed	in	section	2.		
Based	on	this	study	we	conclude	that	while	the	e-CF	seems	complete	and	adequate	in	
covering	 the	 IT	 domain,	 there	 are	 some	 themes	 (like	 ‘Theory	 of	 computing’,	
‘Mathematics	 of	 computing’	 and	 ‘Computing	 methodologies’)	 that	 appear	 only	




• A	new	dimension	describing	various	 IT	contexts.	 In	 this	way	differences	 in	 for
example	 application	 development	 in	 different	 contexts	 (like	 technical,
administrative,	games,	etcetera),	can	be	made	visible.
However,	we	would	like	to	state	a	word	of	caution	here.	While	extensions	to	the	e-CF	
framework	 might	 increase	 its	 coverage	 of	 the	 IT	 domain,	 it	 might	 also	 cause	 the	
framework	to	become	overloaded	and	less	usable	in	practice.	As	frameworks	become	
more	popular	and	are	used	by	more	organizations	there	is	a	tendency	to	expand	them	
and	 incorporate	 aspects	 and	wishes	 of	 different	 user	 groups.	 This	may	 lead	 to	 large	
and	difficult	to	understand	frameworks	that	are	hard	to	use	in	practice.	Especially	now	




Regarding	 how	 unambiguous	 the	 e-CF	 is,	 we	 find	 that	 although	 there	 is	 room	 for	
interpretation	 on	 how	 a	 competence	 can	 be	 mapped	 on	 the	 ACM	 taxonomy,	 in	
practice	 the	 interpretations	 don’t	 really	 differ	 that	 much	 (as	 the	 4%	 differences	 in	
35.000	 comparisons	 has	 shown).	We	 conclude	 that	 the	 strength	 of	 the	 e-CF	 in	 this	
respect	is	very	high.	
The	third	requirement	states	that	for	a	complex	framework	orthogonality	 is	required.	
In	other	words,	 every	axis	of	 the	 framework	 should	have	a	meaning	 independent	of	




some	 room	 for	 interpretation	 but	 very	 limited.	 So	 while	 the	 e-CF	 might	 not	 be	 a	
framework	 in	which	every	combination	of	dimensions	 in	the	framework	has	one	and	
only	one	meaning,	it	comes	however	quite	close.	
Looking	 at	 the	 mapping	 itself,	 the	 information	 present	 in	 the	 proficiency-level	
descriptions	has	not	been	used	in	our	research.	Our	mapping	with	its	3-point	scale	is	of	
a	qualitative	nature	as	well.	However,	when	we	 lay	 the	 threshold	 in	 the	mapping	at	




quite	 consistent	 –	 rely	 strongly	 on	 the	 interpretations	 of	 various	 competences	 and	
terms	and	the	consistency	thereof	in	the	comparisons.	In	the	second	place	the	results	
are	not	(yet)	validated	by	other	experts	with	the	exception	of	the	mapping	of	e-CF	on	




Finally,	 the	 ACM’s	 taxonomy	 is	 biased	 towards	 a	more	 technical	 definition	 of	 the	 IT	
domain	and	does	not	do	 justice	 to	 the	more	business-oriented	scope	of	 the	e-CF.	As	
stated	in	the	introduction,	IT	has	an	enormous	impact	on	traditional	business	and	the	
orientation	chosen	for	the	e-CF	may	make	it	easier	to	adopt	in	practice.	In	our	opinion,	
adoption	 of	 the	 e-CF	 may	 even	 be	 accelerated	 by	 stating	 more	 explicitly	 attitude	
aspects,	as	the	soft	skills	of	the	IT	professional	can	make	the	difference	in	success	or	
failure	of	an	IT	project.	
We	 think	 the	 results	 of	 our	 research	 are	 encouraging	 and	 give	 a	 good	 insight	 in	 the	
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